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Abstract 
Developments of technologies play an important role in success and competitiveness of firms. This can be assured by means of 
innovation, which improves quality of products and services, expends the markets and attracts customers. This paper outlines 
factors having direct impact on enterprise innovativeness. Referencing to classical approaches we show some limitations and 
negligence of the widely accepted innovation indicators used in various statistics. In most considered models of innovation the 
role of academia is underestimated. We deal with this problem in the paper and claim the need of creating innovation feedback 
between academia and industry. The presented considerations are related to our experience in cooperation with industry. 
1. Introduction 
Innovativeness is a driving force to preserve the stable position of firms and reach a competitive advantage on the 
market (Santos –Vijande and Alvarez – Gonzales, 2007).  On one hand we have the need of innovations on the other 
hand the financial, intellectual, organizational and technical capabilities to introduce this in practice and on time. 
Innovations determine enterprise competitiveness in the area of market offer, high quality of products, etc. (Drucker 
1992 and Piatkowski, 2011).  Many studies reveal the importance of organizational, internal and external factors 
creating innovativeness. Innovation is related to newly introduced or adapted products and services, processes (used 
in production) or marketing and organizational methods (OECD, 2005; Bayarcelik and Tasel, 2012) This study is 
aimed at new schemes of driving innovations by cooperation of industry and academia (complementary actors).  
Transferring real needs and expectations of customers to researchers stimulates innovations; transferring new 
ideas form the academia to industry, etc. These issues do not relate only to new concepts of products, development 
technologies or tools. An important issue is combining unconventional thinking (attribute of young people) with 
practical routine of long-serving engineers covering various aspects of technology, services, contacts with clients, 
previewed potential market expectations, etc. These processes can be supported and triggered by various initiatives 
announced by governmental agencies, international institutions (e.g. European projects), private companies, etc. 
Another problem is creating a good feedback between the innovation driving actors and to find the way of result 
marketization (final success). In this study we review innovation models and indicators in relevance to the literature. 
The main contribution is an analysis of a model of academia and industry cooperation, which results in some 
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synergy on innovativeness. Discussing models of such cooperation we take into account our experience in many 
projects. The role of universities in the innovation strategies bases on academia research potentials, graduating 
innovative engineers and PhDs, providing specialized courses for industry people, common projects, etc. This 
involves also some activities to get the feedback from industry to academia. Presenting the advantages of the 
developed schemes we also discuss some threats and limitations in these schemes and summarize our findings.  
2. Innovation models and indicators 
Recently, we observe a big interest in innovation monitoring showed by state governments, international 
organizations, companies, etc. For this purpose various criteria and indicators are formulated. The most advanced 
seem to be those used in (Innovation, 2012). They are based on 3 classes of main indicators and 8 innovation 
parameters (dimensions). This results in 25 specific indicators. The main indicators relate to so called enablers, firm 
activities and outputs. The enablers are external factors driving innovation: human resources (availability of 
qualified people), open, excellent and attractive research systems (international competitiveness of the science 
base), finance and support (availability of finance for innovation projects). Firm activities indicators relate to:  firm 
investments (driving innovations), linkages & entrepreneurship (collaboration among innovating firms and public 
sector), intellectual assets (Intellectual Property Rights – IPR). Outputs summarize effects of the innovation: 
innovators (number of firms with successful introduction of innovations), economic effects (innovation economic 
success in employment, sale, export). All the indicators attributed to the above mentioned classes are given in tab. 1.  
Most of them are self-explanatory, so we will comment only some of them. In the table we give average, minimal 
and maximal values of these parameters for 28 European countries. In (Innovation, 2012) there is introduced an 
aggregated innovation indicator of innovation performance. It is a composite indicator (SII - Summary Innovation 
Index) calculated over 24 individual indicators scaled to the range [0,1], it is also included in the table. European 
countries achieved SII values in the range 0.23-0.72. Basing on this parameter 4 groups of countries have been 
defined: innovation leaders (4 countries with SII 0.66-0.72), innovation followers (11 countries with SII 0.51-0.64), 
moderate innovators (9 countries with SII 0.30-0.45) and modest innovators (4 countries with SII 0.23-0.25).   
The innovation leaders and followers have low variance in the values of 8 dimensions (specified in tab. 1 with 
capital letters). The remaining 2 groups show some imbalance in these dimensions. Usually, moderate innovators 
present relatively low values of such dimensions as finance and support, research systems and intellectual assets. 
The modest innovator countries have low scores for innovators, intellectual assets, research systems and economic 
effects. These drawbacks can be improved by more aggressive academia industry cooperation and by some external 
financial support (local or government grants and international projects). 
It is worth noting that the proposed indicators may be not sufficiently reliable measures due to local limitations 
and politics, which can bias their values. In particular, SMEs (small and medium enterprises) quite often are not 
interested in publications or patents, on the other hand big firms in some countries are related to a foreign capital 
and may concentrate some specific activities in one country with a direct impact on some indicators or not. So, a 
significant contribution in software coding achieved in a company subdivision in one country may not affect its 
innovation indices (e.g. patents or publications) and can be attributed to the country of the company headquarters. In 
countries with lower GDP (gross domestic product) research and development (R&D) financing is at a lower level, 
so the young people are more attracted during their studies by working in good companies than to devote their time 
for science or publications. Moreover, in such countries companies tend to limit expenses for local innovations 
preferring such development in the country of their origin. However, they may employ many foreigners from 
developing countries, but their contribution is attributed to the country of development.  
The presented indicators can be improved by academia and industry cooperation as well as by some external 
financial support (e.g. governmental or international projects). It is also reasonable to analyze trends for all 
indicators for two succeeding years (increase or decrease) and their correlation with average country growth. Low 
GDP may scale down the values of indicators in a non-linear way (higher reduction for lower GDP). Hence, SMEs 
may not be sufficiently powerful to spend money for preparing patents or publishing; they may develop products 
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sold under the brand of bigger and foreign companies, etc. A decreasing number of PhDs may result from lower 
demand in industry for such qualifications. Moreover, PhDs may emigrate too more developed countries. 
 
Table 1. Innovation indicators for European countries - based on data from (Innovation, 2012) 
 
Innovation indicators Average Minimal Maximal 
HUMAN RESOURCES 
1.1.1 New doctorate graduates 
1.1.2 Population aged 30-34 completed tertiary education 
1.1.3 Youth aged 20-24 upper secondary level education 
OPEN EXCELLENT ATTRACTIVE RESEARCH 
1.2.1 International scientific co-publications 
1.2.2 Top 10% most cited scientific publications worldwide 
1.2.3 Non-EU doctorate students 
FINANCE AND SUPPORT 
1.3.1 R&D expenditure in the public sector 
1.3.2 Venture capital 
FIRM INVESTMENTS 
2.1.1 R&D expenditure in the business sector 
2.1.2 Non-R&D innovation expenditures 
LINKAGES & ENTREPRENEURSHIP 
2.2.1 SMEs innovating in-house 
2.2.2 Innovative SMEs collaborating with others 
2.2.3 Public-private scientific co-publications 
INTELLECTUAL ASSETS 
2.3.1 PCT patent applications 
2.3.2 PCT patent applications in social challenges 
2.3.3 Community trademarks 
2.3.4 Community designs 
INNOVATORS 
3.1.1 SMEs introducing product or process innovations 
3.1.2 SMEs introducing marketing or organisational innov. 
ECONOMIC EFFECTS 
3.2.1 Employment in knowledge-intensive activities 
3.2.2 Medium-high and high-tech product exports 
3.2.3 Knowledge-Intensive services exports 
3.2.4 Sales of new to market and new to firm innovations 
3.2.5 Licence and patent revenues from abroad 
SII 
               
1.5 
 
0.3 
 
2.9 
33.6 17.1 47.3 
79.0 
 
301 
10.73 
19.19 
 
0.76 
0.095 
 
1.23 
0.71 
 
30.31 
11.16 
36.2 
 
3.78 
0.64 
5.59 
4.77 
 
34.18 
39.09 
 
13.50 
48.23 
48.13 
13.26 
0.51 
0.539 
51.1 
 
117 
2.05 
1.0 
 
0.14 
0.007 
 
0.04 
0.10 
 
11.3 
2.27 
1.2 
 
0.15 
0.01 
0.24 
0.00 
 
16.82 
13.95 
 
4.80 
16.90 
5.60 
4.79 
0.0 
0.213 
93.2 
 
1558 
15.59 
30.62 
 
1.10 
0.231 
 
2.35 
1.77 
 
45.3 
22.23 
126.2 
 
9.03 
1.80 
12.41 
8.45 
 
54.73 
53.02 
 
19.00 
71.35 
70.53 
19.23 
1.72 
0.833 
      
Innovation activities can be modeled by a system composed of actors, rules (institutions) and technological features 
(artifacts and technological infrastructure). Actors create, disseminate and use technologies. They can represent 
private, public sectors as well as some international organizations. Their activities may relate to development, 
adaptation of new solutions or even providing dedicated financial support. Rules can be normative (government 
laws and policy decisions; firm directives or contracts) or cognitive (search heuristics or problem-solving routines).  
Recently, in the literature high interest is attributed to studies on activities that contribute to the development, 
diffusion, and use of innovations as system functions (Bergek et al. 2008; Suurs, 2009). Assuring innovations the 
system model should provide some capability of fulfilling 7 basic functions (Hekkert et al., 2007; Suurs, 2009), 
which we have enhanced with some additional features (related to academia capabilities):  
• Entrepreneurial Activities: knowledge transfer into business creating innovations (market-oriented 
experiments targeted at the emerging technology and correlated institutions, prove-of-concept projects). 
• Knowledge Development: learning the emerging technologies, markets, networks, users, etc. This involves: 
R&D in basic sciences (“learning-by-searching”) especially developed at universities; practical experiments and 
validation trials (“learning-by-doing”).  
• Knowledge Diffusion / Knowledge Exchange: the exchange of knowledge between all the actors involved in 
innovations, interactions of actors of different backgrounds (project partnership, user-producer, academia-producer 
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interactions, workshops, conferences, courses, updates of university programs and adopting new technologies in 
laboratories – supported by industry programs for academia).  
 
• Guidance of the Search: activities that specify the needs and expectations of actors involved in innovations 
(policy of choices related to development of various technologies, resource concentration balanced with variety).  
• Market Formation: creation of a demand for the emerging technology (financial support for the use of a 
new technology, tax policies of the governments, intervention in the market). 
• Resource Mobilization: the allocation of appropriate financial, material and human capital (investments and 
subsidies, improving educational systems to provide employees with the right skills and competences, R&D 
facilities or infrastructures). 
• Support from Advocacy Coalitions: this function takes into account the problem of competing interest 
groups (Sabatier, 1998). To avoid reluctance of some actors specific activities are helpful in institutional 
reorganizations, creating political lobbies and advice activities. 
The innovativeness of industry can be improved by close cooperation with academia. This cooperation creates 
some feedback between these actors and generates some synergy. We discuss this in the next section. 
3. Academia and industry innovation synergy 
Innovation is base on revolutionary technologies (usually resulting from research in basic sciences), which either 
introduce new products or replace the products, which became obsolete due to this technology. Here, we start with 
an invention, which is developed and finally introduced to production and market.  Incremental innovations relate to 
improvements or adjustments of the used technologies, here the degree of the new knowledge embedded in the 
innovation is much lower than in the case of the revolutionary one. There are several proposals of measuring 
innovations and correlating them with economic effects, e.g. economic growth at the level of country or firms 
(Rabiei, 2011). Various measures have been presented in (Innovation, 2012) - compare section 2. In (Bayarcelik and 
Tasel, 2012) the authors try to correlate economic effects with R&D expenditure, employment and patents in 
Turkey. This concept is confirmed in referenced their literature. Positive and significant correlation (with R&D 
expenditure) has been found for USA and over 20 other countries. Correlations with patents are less convincing, the 
more that they relate to different periods and politics of firms in this area (fluctuations).  For Turkey this correlation 
was even found negative.  More natural is correlation with the number of scientists in R&D, in (Bayarcelik and 
Tasel, 2012) it was higher than for R&D investments.  Here, we should also take into account country categories i.e. 
developed and developing. For example, in Turkey the number of scientists in R&D increased systematically from 
2004 to 2010 almost 4 times, this however did not improve significantly innovativeness measures, it can be 
evaluated as 0.5% increase, basing on data from (Innovation, 2012). Patenting is rather costly (filing, translation, 
agent fees), and sometimes it is even better to not reveal a new idea in a patent. Moreover, patents generated by 
individual engineers or scientists may not be customized in the country of origin, due to low interest, lack of 
finances, limited market, environment weakness and are customized in leading countries e.g. USA.   
In studies of (Piatkowski, 2012) related to polish SMEs it was shown that 31% of them allocated almost 5% of 
the revenue for investments mostly in machine and equipment (50%) and new technologies (20%) increasing 
competitiveness. About 40% SMEs recruited new employees and 20% acquired external sources of funding; over 
25% were engaged in projects, which increased the level of competitiveness. Unfortunately, such statistics do not 
show the impact of governmental or international projects as well as the cooperation with academia. However, this 
feature is of great importance. This is confirmed from some statistics within our University and one of the leading 
Faculties. As it was stated in section 2, an important factor in driving innovations is acquiring knowledge. The 
statistics in (Piatkowski, 2012) deal with 5 sources used by SMEs in Poland: journals/handbooks (43-62%), training 
courses and conferences (37-62%), web portals (65-68%), newsletters (10-21%), discussion group, (9-13%). This 
should be enhanced with knowledge flow from universities in common projects, scientific open repositories (results 
of projects financed by government, etc.). Most entrepreneurs are aware of well-qualified employees. However, only 
60% of SMEs in Poland (Piatkowski, 2012) confirmed the need of spending money for training courses. Within 
117 Janusz Sosnowski /  Procedia - Social and Behavioral Sciences  109 ( 2014 )  113 – 119 
those about 50% accepted costs up to 300 euro per year, which is practically insufficient. Looking for new 
employees companies ask for knowledge of various skills e.g. specific design tools, which are provided in quite 
expensive courses. On the other hand some leading companies provide low cost courses for students to familiarize 
them with tools and technologies. Moreover, they support universities with donations of their products or give high 
discounts for their use in didactics. In this way, the employers of the university graduates can easily and faster 
introduce these technologies. Hence, some knowledge can be acquired for free.  This in turn enhances academia 
contribution to innovativeness by producing graduates acquainted with new technologies. They are acquired by 
industry and can precipitate innovation progress. Moreover, they are university ambassadors to initiate or develop 
cooperation with industry. Here, many prospects still exist in cooperation with academia.  
Technological innovation capabilities are critical in assuring firm competiveness (Diaz-Diaz, et al., 2008). They 
relate to internal firm resources (R&D activities, acquired knowledge, skills, technology, experience, organization) 
as well as external factors such as cooperation with other firms, academia, passive and active interaction with 
innovation supplier’s leaders, acquisition of knowledge generated externally, etc. Learning capability of the firm 
facilitates absorbing external technologies (Kogcolu, et al., 2012). This process can be improved by cooperation 
with academia. Manufacturing capabilities of firms (cost optimization, commercialization of R&D outcome, 
adaptation of technology from the external environment) can be combined with ideas generate by academia. Big 
firms usually have their own R&D laboratories as opposed to SMEs. So in SMEs acquiring external knowledge is 
dominating. Nevertheless, in the case of firms with R&D departments internal innovations are limited to some basic 
domains. Of course, they can facilitate acquiring knowledge from external sources. Hence, some fresh external view 
provided by academia is also interesting, the more that university employees are usually more open minded. 
Moreover, young PhDs may have original concepts going beyond the acquired experience in firms. 
The model of cooperation between academia and industry is shown in fig. 1. It presents the flow of knowledge, 
technical and human resources, ideas and finances, etc. This flow (directions specified with arrows) can be direct 
between two parties (e.g. university and industry) or indirect involving some external institutions e.g. governmental. 
The beneficiaries of this flow (feedback) are both sides. Moreover, this feedback creates some synergy in 
innovativeness. The presented flows relate to such domains as human resources, knowledge and skills, technical 
capabilities, project development. The figure shows two parties: university and industry. However, it is worth noting 
that these parties can be multiplied. In particular, on the left side we can have different university departments or 
faculties as well as even different universities, similarly various industry firms can also multiply the right side. They 
can be involved in different projects as well as in one multiparty project (rather a scarce situation). Most of the flows 
are self-explanatory. Nevertheless, it is worth commenting some of them related to cooperation in projects. Various 
models of cooperation are encountered in projects. In the case of big companies with their own R&D departments 
the university fills up technical areas not covered by R&D. In the case of SMEs, usually R&D departments either do 
not exist or are very limited, so the university support is especially important here. The big companies quite often 
reveal their new ideas and ask for support in resolving them. Another model is such that they hunt for new ideas in 
universities and try to select them for implementation or try to get knowledge on technical and scientific capacities 
to formulate appropriate field of cooperation. This checking process takes some time, up to several years before 
specifying a project. There are some restrictions within the projects related to confidentiality of achieved results, 
methods, etc. They cannot be revealed externally, no publications admitted, limited patents, etc. Quite often students 
involved in projects are then employed by industry.    
Most projects are proposed by industry, accepted and agreed proposals are developed in academia (results) and 
then brought to production by industry.  Sometimes the project proposals are initiated by academia. Project 
financing is in most cases assured by industry.  Here, we have also to take into account other actors, mainly 
governmental, regional or international (e.g. European) institutions, which allocate some funds and propose their 
own projects or support projects submitted by industry or academia. The directly cooperating actors in this scheme 
are direct beneficiaries and profit high capability on innovativeness, better knowledge of market needs and industry 
expectations of graduate capabilities. This facilitates universities to adapt educational programs to technological 
development. It is worth noting also indirect advantages of this scheme. Namely, the university can get better 
knowledge and skills within technologies which affects the quality of education, more students are acquainted with 
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newly offered products from industry, so they can use these technologies in the employing them firms.  
Beneficiaries of this flow are industrial firms, which profit the access to skilled human resources.  
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Human resources 
Provider, recipient 
← delegated people to projects 
→ delegated people to projects, 
employed students  
Human resources 
recipient, provider 
In
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ry
 
Knowledge 
Export 
Acquisition 
→ Dedicated or universal courses, 
publications 
← Product presentations, technical    
Records, reviews and training 
↔ bilateral visits, workshops, 
seminars  
Knowledge 
Acquisition 
Export 
Technical capabilities 
Receiver 
 
← university programs 
Temporary access to free software, 
lending equipment, etc. 
Providing discounts for products, 
student grants and contests 
Technical capabilities 
Provider 
Project development 
← Project proposals 
→ Project results 
← Project financing 
↔ Profiting external stimulating 
and financial support 
Project development 
Customization 
Manufacturing 
Product marketing 
 
Figure 1.Academia industry cooperation model 
In this model we should note also various external activities (specified in bold), which have a positive impact on 
the academia and industry cooperation. Universities are open for international cooperation; in particular it involves 
staff and student exchanges or common research projects. This flow can be considered as a catalyst of acquiring new 
technologies, widening intellectual horizons, acquiring other professional capacities, organizational forms, etc. The 
gained experience contributes to cooperation with industry as well as to creating better innovativeness.  
The above presented cooperation scheme exists in our university. Here, I will give some statistics related to 
Faculty of Electronics and Information Systems. The scientific staff (also involved in didactic) is 326 (71 
professors); moreover, we have 191 PhDs. In 2011these human resources produced 816 publications (440 journal 
papers, 255 conference papers and 171 monographs or chapters, however only 10 polish patents and 4 international). 
We graduate about 1000 well-educated engineers (BSc or MSc) per year. The faculty scientific staff supported by 
PhDs and technical laboratory staff was engaged in over 150 projects including about 50 involving industry 
(Projects, 2011). All they were financed externally. Beyond that we have agreements with several industrial firms 
providing us with free software and hardware, organizing trainings for our students, funding rewards or scholarships 
for students, etc. the information has collected from some experienced in cooperation with industry, this cooperation 
recently increases. In addition, various   regional, governmental or international projects stimulated this cooperation. 
Here, arises the problem of selecting appropriate projects. There are some threats and restrictions in this process. In 
particular, in some projects we faced the restrictions in publishing or patenting results (due to industrial confidence 
rules and competition on the market). High engagement of the staff and PhD students in projects may result in heavy 
load with not creative laborious technical activities (e.g. detailed documentation of results, tests). So, to assure the 
innovativeness capacities within the university some balance between industrial projects and scientific research is 
needed. Too big engagement in industry projects after some time may result in dropping innovativeness capability in 
the future. There is also some risk in acquiring free or low cost products and technologies from industry. Their 
absorption and maintenance capabilities within the university are limited (overloading of the staff), so selecting the 
propositions of donations or discounted products is not trivial, the more that it has an impact on several future years. 
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4. Conclusions 
Discussing the problem of innovativeness we have started with some statistics of the most popular indicators 
(section 2) and showed relatively large variance of their values over European countries. The leaders assure 
balanced high values for most indicators, moderate countries for some indicators have significantly lower values. 
Taking into account recent trends in globalizations, spanning big firms over several countries, financial flows, and 
open markets we can find that some of the innovativeness indicators do not take these trends into account. Here, we 
should also consider demographic and people migration trends.  Recently, the role of universities in improving 
innovativeness is becoming more significant. This can be achieved by closer cooperation between academia and 
industry. A wide scope of possible cooperation models has been presented in section 3. It is worth noting that this 
model is some kind of positive feedback for academia and industry, which results in manufacturing innovative 
products and increasing the capacities of educating well skilled graduates which will contribute to innovations. We 
have presented direct and indirect benefits of such cooperation. Some statistics of projects and human resources for 
our Faculty show a big potential and further possibly of extending this. However, we have to be conscious of some 
threats and restrictions discussed in section 3. 
The feedback of academia and industry in innovativeness can be amplified by external activities of regional or 
governmental institutions both as the project initiators and financers or sometimes result receivers (e.g. pro 
ecological solutions, employment activation, international cooperation and exchange).  
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